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Abstract—The gyrotron backward-wave oscillator (gyro-BWO) 
is a frequency tunable scheme at millimeter/terahertz regime. The 
continuous frequency tuning can be achieved by varying either 
the magnetic field or the beam voltage in a non-resonant structure. 
With a growing interest in terahertz-wave regime, gyro-BWO 
should be preferably operated with high-order mode due to the 
power-handling capability. Then the upcoming difficulty would 
be the terahertz interaction circuit as well as the severe transverse 
mode competition. 
I. INTRODUCTION AND BACKGROUND
esearch in the terahertz region has drawn much attention in 
recent years. Not only is it rich in physics contents, but it 
impacts on the progress of advanced technology. The 
low-power and non-coherent radiation sources have created 
numerous applications, while the development of the 
high-power and coherent radiations is still slow-paced because 
of the severe lack of radiation sources as well as devices. 
Among the novel coherent radiation processes, the electron 
cyclotron maser (ECM) is very attractive for its high-power 
capability in millimeter/sub-millimeter wave regime. 
The gyrotron oscillators, based on ECM, have 
widespread applications, for example, heating of the fusion 
plasmas, measurement of the electron spin resonance (ESR), 
and sensitivity enhancement of nuclear magnetic resonance 
using the dynamic nuclear polarization technique (DNP NMR). 
The DNP NMR experiment requires a stable continuous-wave 
(CW) power of several tens of watts at a very high frequency, 
e.g. 394 GHz. However, to meet the DNP NMR experimental 
requirement, the operating frequency should be tunable. 
This report focuses on the underlying physics at the 
fundamental TE11 mode
1, high-order TE01 mode
2, and the 
development of terahertz devices3. The rich physics includes 
the transverse mode competition and its suppression, and the 
High-order mode interaction mechanism. The physics issues 
will be conducted in Tsing Hua University at around 0.1 Thz.  
To pursuit higher frequency, e.g. 0.22 THz and 0.4 THz, higher 
magnetic field is required, such as a 10 Tesla magnet. The 
terahertz experimental devices, including electron gun, 
superconducting magnet, and diagnostic system, are expensive 
and relatively unavailable. The international cooperation with a 
well-established institute is preferred4. Knowledge of 
generating high-power, frequency-tunable, terahertz radiation 
will be designed, tested, and verified through carefully 
experimental demonstration.  
II. RESULTS
Figure 1 Photos of the fundamental TE11 mode Ka-band gyro-BWO. 
(a) the whole tube; (b) a close-up view of the interaction circuit. [1] 
Figure 2 Photo of high-order TE01 mode, Ka-band gyro-BWO 
with transverse sliced structure. [2] 
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Figure 3 Frequency responses of the back-to-back 
transmissions for (a) TE21 mode, (b) TE01 mode, and (c) TE41
mode. The measured results are solid dots and the simulated 
results are lines. The effects of the wall resistivity are displayed. 
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Figure 4 (a) Starting currents vs. the magnetic field obtained 
with a self-consistent code. (b) The output power and 
frequency vs. the magnetic field at a beam current of 0.35 A. 
The inset shows two interaction structures, uniform and mildly 
tapered, not drawn to scale. The results of a uniform cavity are 
represented in dashed lines and those of a mildly tapered cavity 
are depicted in solid lines. [4]  
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